iV-MEPHBIH KYB, MHOrOHJIEHbl 
H PEIIIEHHE nPOEJTEMbl EOPCyKA 

OSHOBjieHHbiii TexcT 3ciMeTKH, ony6jinKOBa,HHOH b MaT. IlpocBemeHHH 3 (1999) 

A. CKoneHKOB 

AimoTaijHsi. IlocTpoeHHe KOHTpnpHMepa k rHnoTe3e BopcyKa - yuaBHTejibHbiii apa- 
Mep Ba>KHoro pe3yjiBTaTa b coBpeMeaaoii MaTeiviaTHKe, He Tpe6yiOHi,ero ,a,Jia nojiHoro aoaa- 
MaHna nojiyro^OBoro cneiniajibHoro yHHBepciiTeTCKoro Kypca (nocjie ^ByxroflOBoro o6a- 
3aTejibHoro Kypca). Uejib HacToamefi CTaTbH - onncaTb sto 3aMeaaTejibHoe npnjiojKeHae 
| KOivi6nHaTopnKn ii ajireSpbi k reoMeTpnn. Mm BOcnpoH3Be,neM (ynpomeHHoe) ^OKa3aTejib- 

ctbo AjiOHa. 3to ^OKa3aTejibCTBO - caMoe npocToe H3 H3BecTHbix cero^Ha, xoTa ,npyrae 
^ ■ ^OKa3aTejibCTBa ,naiOT 6ojiee ciuibHbie pe3yjibTaTbi. 

| 1. BBe^emie. 

B 1933 nojibCKHfl MaTeiviaTHK Kapeji BopcyK flOKa3aji cjieflyiomyio TeopeMy [Bo33]: 

TeopeMa. Jlwdyto ozpanuHeHHym ruiocKyw cfiusypy (m.e. MHoatcecmeo) momcho pa3- 
6umb na mpu nacmu Meubmezo duaMempa. 

/JiiaivieTpoM (piirypbi Ha3biBaeTca HaiiSojibniee paccToaaae Me>K^y ee ToaKaMH (toh- 
Hee, cynpeMyM TaKax paccToaHHii). 

1.1. ,I[oKajKiiTe Teopeiviy BopcyKa (yKa3aHne: CHaaajia Hcnojib3ya 'coo6paa<eHHa Henpe- 
pbiBHOCTa', ^OKa>KHTe, hto JiioSyio njiocKyio (parypy ,naaMeTpa 1 mojkho 3aKjiioaHTb b 
npaBHjibHbia inecTHyrojibHHK, ,naaMeTp BaacaaaoH OKpy>KHOCTH KOToporo paBeH 1. 3a- 
TeM ^,OKaa<HTe, hto xoTa ^aaivieTp nojiyaeHHoro npaBHjibHoro niecTayrojibHHKa 6ojibnie 
O 1, ero mojkho pa3pe3aTb Ha Tpn aac™ ,niiaMeTpa MeHbine 1). 

BopcyK TaKa<e npe^jio>KHji cjie^yromee o6o6meHHe CBoero pe3yjibTaTa, KOTopoe ^oji- 
\ rae ro^bi Smjio o,h,hoh H3 Haa6ojiee HHTparyiomax npoSjieM KOM6HHaTopHoa reoMeTpaa: 

rnnoTe3a BopcyKa. JIw6yw ozpaHuueHHyw d-Mepnyto $mypy mookho pa,36umb na 
d + 1 nacmb MtHbuiezo duaMempa. 

OaeBH^HO, 3Ta ranoTe3a BepHa ^Jia d — 1. C flpyroii ctopohm, HeTpyznio npa^yiviaTb 
(i-MepHbie (parypbi, KOTopbie aejib3a pa36aTb Ha d aacTea MeHbHiero ^naivieTpa. ^Jia d = 3 
ro^aTca apaBajibHbiii TeTpas^p, ,a,Jia apoa3BOJibHoro d — d-MepHbiii CHMnjieKC. 

B pa3MepHOCTH 3 rnnoTe3a BopcyKa 6biJia ^OKa3aHa TOJibKO b 1955 aHrjiHHCKHM Ma- 
TeiviaTHKOM T. JJjk. 3rrjiCT0H0M (ynpom;eHHoe flOKa3aTejibCTBO mojkho Haft™ b [BG]). 
E[o3flHee rnnoTe3a SbiJia ,npKa3aHa ^Jia MHoroiviepHoft ccpepbi, ^Jia ueHTpajibHO CHMMeT- 
pnaHbix BbinyKjibix Teji h ,a,jia rjia^Kax Teji (He HMeiomnx 'ToaeK 3aocTpeaaa'). Ka3ajiocb, 
aojiaoe penieaae He^ajieKO. Ho b 1993 H3panjibCKHe MaTeMaTHKH Kaa a J1?k. Kajiaa 
[KK93], cjie^ya afleaM BojiTaHCKoro, 3p,neHia h JlapMaHa o npHMeHeHHH KOM6HHaTopHbix 
coo6pajKeHHii fljia nocTpoeHna KOHTpnpHMepa, HaniJin KOHTpnpaMep k rnnoTe3e Bopcy- 
Ka! Ohh noKa3ajiH, aTO fljia HeKOTopbix d HeKoropoe no^uvmoacecTBO BepniHH <i-MepHoro 
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1 http://www.mccme.ru/free-books/matprosa.html 
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Ky6a MOJKeT 6biTb pa36nTO Ha nacTH MeHbinero jjnaivieTpa tojibko ecjin KOJiiinecTBO na- 
CTefi pacTeT BMecTe c d npniviepHO KaK 1,2^. 3to, kohghho, Sojibine d+ 1 Sojibinnx 
d. KoHKpeTHO, fljia d = 1325 riinoTe3a BopcyKa HeBepHa. rnnoTe3a npocTO pa3JieTejiacb 
B^pe6e3rH! Hy hto >k, Taxne cjiynan Hepe^KH b MaTeMaraKe. IlocTpoeHHe KaHa h KajiaH 
[KK93, Sk96] 6mjio ocHOBaHO Ha KOMSHHaTopHOH TeopeMe n. OpsHKjia h P. Bhjibco- 
Ha [FW81]. H3paHJibCKHii MaTeMaTHK H. Ajioh pa3o6pajica b JTpKa3aTejibCTBe TeopeMbi 
OpsHKJia-BnjibcoHa. 3to no3BOJiHJio eiviy ynpocTHTb nocTpoeHne KaHa h Kajian, a TaKJKe 
CHH3HTb HaHMeHbHiyio H3BecTHyio pa3MepHOCTb, b KOTopoii rnnoe3a BopcyKa 3aBejTpMO 
HeBepHa, c 1325 ,a,o 946 [Ni94]. ^ajiBHeiiiHHe pe3yjiBTaTbi b stom HanpaBjieHHH Sbijih no- 
jiyneHbi A. rancpyjiJiHHbiM, M. Jl. TepBepoM, A. Panropo^CKHM h ,apyrHMH [Ge99, RaOl, 
Ra04, Ra06]. BepHa jih rnnoTe3a Bopcyxa ,a,jia 4 < d < 560 — Bee eme Hen3BecTHo! 3a- 
6aBHO, hto hhcjio 561 (nepBoe hhcjio KapiviaiiKJia) aBJiaeTca KOHTpnpnMepoM k rnnoTe3e, 
oSpaTHOH k Majioii Teopeivie Oepivia: 

1.2*. ^Jia JiioSoro Hejioro a hhcjio a 561 —a /rejiHTCH Ha 561 (xoth hhcjio 561 cocTaBHoe). 

HanSojiee npocTbie niarn ccpopMyjinpoBaHbi b BH^,e 3a,o,aH, o6o3HaHaeMbix uejibiMH 
HHCJiaMH c TOHKOH MeJKfly HHMH. 3Be3flOHKOH OTMeneHbi 3a^aHH, He HcnojiB3yeMbie B 

flajibHeHHieM. Ecjih b ycjiOBHH 3aflann ccpopMyjinpoBaHO yTBep^K/reHne, to ero Ha/ro ro- 
Ka3aTb. Hepe3 \X\ o6o3HanaeTca hhcjio sjieivieHTOB b MHOJKecTBe X. 

2. IlocTpoeHHe npniviepa. 

HaHHeM c HeoSxoflHMbix onpe/rejieHHii. Tohkou (hjih, hto to me caivioe, eeKmopoju) 
x = (xi , . . . , x n ) n-MepHoro npocTpaHCTBa Ha3biBaeTca ynopa^OHeHHbiH Ha6op n hh- 
ceji. PaccmoHHue Mex^y toiksmh x = (x\, . . . , x n ) h y = (yi, . . . ,y n ) onpe^ejiaeica 
(popMyjioH \x,y\ = \J (x~i — yi) 2 + ■ • • + (x n — y n ) 2 . HaM noHa^oSnTca TaK>Ke CKaAnpnoe 
npou3eedenue BeKTopoB x = (xi,...,x n ) h y = (y±, . . . ,y n ), onpeflejiaeivioe (popMyjiofi 
x • y — Xiyi + • ■ ■ + x n y n . nojie3HOCTb CKajiapHoro npoH3BefleHHa H3yneHHH paccTO- 

SHHH (a, CJie^OBaTejIBHO, H flHaMeTpOB) HJIJIIOCTpHpyeTCfl (popMyjioH 



ElycTb E% = {(x±, . . . ,x n )\ Xi = ±1} - MHOJKecTBO BepniHH n-MepHoro Ky6a. HanHHaa c 
SToro MOMeHTa nepe3 x h y 6yi],eM o6o3HanaTb BepniHHbi n-MepHoro Ky6a (a He npoH3- 
BOJibHbie tohkh n-MepHoro npocTpaHCTBa) . Jlflu BepniHH n-MepHoro Ky6a (popiviyjia (*) 
BbirjiaflHT ocoSeHHO npocTO: 



KoHTpnpHMep k rnnoTe3e BopcyKa 6yn;eT CTpoHTbca He b E% , a b E% . BepniHHbi n 2 - 
MepHoro Ky6a yn;o6HO 3a/iaBaTb HaSopaMH (%), b kotopmx HH^eKCbi i, j npoSeraiOT He3a- 

BHCHMO HHCJia OT 1 flO 71 (BMeCTO HaSopOB (Zj), B KOTOpblX HH^eKC % npoSeraeT HHCJia ot 1 

flo n 2 ). nocTaBHM b cooTBeTCTBHe Ka>K^,OH BepniHHe x = (x\, . . . , x n ) H3 n-MepHoro Ky6a 
BepniHHy fx = (xiXj) H3 n 2 -MepHoro Ky6a. 

2.1.a) HaiiflHTe /(l, -1, -1) h /(-l, 1, 1); 

b) fx = f(-x), r^e -(xi, ...,x n ) = (-x 1 , -x n ); 

c) Ecjih fx = fy, to y = -x; 



(*) 



x, y\ 2 = x\ H h x 2 n + yi H h y 2 n - 2x ■ y. 




x, y\ 2 = 2n — 2x ■ y. 
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d) IlycTb M' = {(xi, . . . , x n ) G E% \ x\ = 1} - (n — l)-MepHaa rpaHb n-MepHoro Ky6a. 
Tor^a fx 7^ fy jjjia jhoSbix ^Byx pa3JiHHHbix TO^ieK x,y £ M'. 

e) ECJIH (Zjj) = TO Za — 1 H % = 

Onpe/xejieHne OToSpajKeHna / MOTiiBiipyeTca cjiejjyiOHrHM ero KpaciiBbiM cbohctbom. 

2.2. fx-fy=(x-y) 2 . 

KoHTpnpiiMepoM k riinoTe3e BopcyKa aBJiaeTca /-o6pa3 MHOJKecTBa 

M = {i6 E% I ii = 1 h cpejjH HHceji xi, . . . , x n hhcjio MHHyc ejTHHHH, Herao} 

(fljia HeKOTopbix n, /xejiamnxca Ha 4). 3aflaHa 2.1.d HJiJiiocTpHpyeT, noneiviy b KanecTBe 
sjiGMeHTOB MHO>KecTBa mm B3ajiH He Bee BepmHHbi n-MepHoro Ky6a, a tojibko BepniHHbi x 
c x\ — 1. Cjieixyiomaa 3a^,ana noacHaeT, noneiviy mm B3ajin n KpaTHbiM 4, h b3hjih tojibko 
BepniHHbi x = (x\, . . . , x n ) c nerabiM hhcjiom MHHyc ejjHHHH, cpe;j,H x\, . . . , x n . 

2.3. Ecjih n )j,ejiHTCH Ha 4 h b KaxflOM H3 HaSopoB x = (x\, . . . , x n ), y = (y±, . . . , y n ) G 

E% HeTHOe HHCJIO MHHyC ejJHHHII, TO X ■ y JXejIHTCH Ha 4. 

2.4. \M\ = 2 n ~ 2 . 

Teopeivia. ,ZIJia /xpCTaTOHHO Sojibinoro npocToro nncjia p h n = Ap mhokcctbo fM b 
n 2 -MepHOM npocTpaHCTBe Hejib3a pa36nTb Ha n 2 + 1 nacTb MeHbniero flnaMeTpa. 

3. H^ea ^OKa3aTejibCTBa 

TeopeMa BbiTeKaeT H3 HaSjiiojxeHHa, Ochobhoh JleMMbi h Ob^chkh 3.2. 

HaSjiKi^eHne. Ecjiu MHoencecmeo fM mochcho pa,36umb na k nacmeu MeHbmeso dua- 
Mempa, mo M mochcho pa36umb na k nacmeu, Kawcdan (odna) U3 Komopux He codepwcum 
napu opmozoHajibHux eeKmopoe. 

Hto6m cflejiaTb HaSjiiojxeHHe, Ha^HeM c H3yneHHa paccToaHHii Me^Kjry TOHKaMH mho- 
>KecTBa fM h ero JiiiaMeTpa. H3 (**) h 3aflanH 2.2 BbiTeKaeT, hto \fx, fy\ = 2n 2 — (x, y) 2 . 
IlosTOMy \ fx, fy\ < nV2 ^jih jiioSmx x, y G E% ■ Bojiee Toro, 

(* * *) \fx, fy\ = nV2 Tor;j,a h tojibko Tor^a, Kor^a x ■ y — 

(TaKHe BeKTopbi x, y Ha3biBaiOTCH opmosoHaAtHUMu). HanHHaa c SToro MOMeHTa nycTb n 
neTHO. Torjj,a b M Hanjj,eTCH napa opToroHajiBHbix BeKTopoB (3aMeTHM, xoth sto h He hc- 
nojiB3yeTca b jjajiBHeHineM, hto npn HeneTHOM n b M He Hanjj,eTCH napbi opToroHajiBHbix 
BeKTopoB). H3 SToro h (***) BbiTeKaeT, hto diamfM = Bojiee Toro, paccToaHne 

Me>Kjj;y TOHKaMH fx, fy G fM paBHO diamM Tor/ia h tojibko Tor/ia, Kor^a x ■ y — 0. 

Ecjih MHOJKecTBO fM pa36nTO Ha k HacTeii Ai,...,Ak, to hx npoo6pa3bi 
f _1 Ai, . . . , f~ 1 Ak o6pa3yiOT pasSnemie MHO>KecTBa M Ha k nacTeii. H3 3a^,aHH 2.1.d cjie- 
^yeT, hto \Ai\ = M3 (***) h paBeHCTBa diamfM = ny^2 cjiejj,yeT, hto KajK^aa 

H3 nacTeii Ai HMeeT flHaMeTp, MeHBHinii diamM, Tor^a h tojibko Tor/ia, Kor^a b KajKjj;oH 
(oflHoii) H3 nacTeii f~ x Ai HHKaKne flBa BeKTopa He opToroHajiBHbi. HTaK, HaSjiiofleHHe 
cflejiaHO. 

Mbl XOTHM JJ,OKa3aTb, HTO k BejIHKO (TOHHee, k > ft 2 + 1). ^JIH STOrO ^OCTaTOHHO flO- 

Ka3aTb, hto = \Ai\ Majio (TOHHee, \Ai\ < = f^y) flJia Kax^oro % — 1, . . . , k. 

OKa3biBaeTca, hto 3aMeHeHHoro CBoiicTBa MHOJKecTBa f^ 1 A i (HHKaKne flBa ero BeKTopa 



3 



He opToroHajibHbi) flocTaTOHHO ^;jia hyjkhoh BepxHeii oh€!hkh Ha IlpHBefleM npo- 

ctoh npniviep. IlycTb A C M h HHKaKne /TBa BeKTopa H3 A He opToroHajibHbi. Tor/ia 
H3 3aflan 2.4 h 3.1 cjie/ryeT, hto |A| < 2 n ~ 2 — 1 (nosTOMy fc > 2). Cjie/ryiomaH jieMMa 
ycHjiHBaeT 3Ty TpHBHajiBHyio oueHKy. 

OcHOBHaa JieMMa. Jlycmtp - npocmoe (He o6x3ameAbHO 6oAbiuoe!), n = Ap, A C M 
u HUKdKue dea eeKmopa U3 A ne opmozonaAbHU. Tosda 

\A\<a{n) = C» n _ l + C 1 n _ l + --- + ctl 

3.2. (OueHKa) a(n) < \C^_ X < ^2+1 pjia. ^ocTaTO^HO Sojibihhx n (yKa3aHHe: Hcnojib- 
3yiiTe (popiviyjiy CTHpjiHHra lim n _^ 00 -j^M— = 1). 

4. MHoroHjieHbi n ,a;oKa3aTejibCTBO ochobhoh jieMMbi. 

Ilpn flOKa3aTejibCTBO Ochobhoh JieMMbi mojkho 3a6biTb npo KOHCTpyKHiiio n 2 -MepHoro 
Ky6a h OTo6pa>KeHHfl /, 3aTO Hyx<HO SyijeT npo^ejiaTb HOByio KOHCTpyKHino. MtoSm 
ccpopMyjinpoBaTb ^aHHoe cbohctbo MHOxcecTBa A (HHKaKne ^Ba BeKTopa H3 A He op- 
ToroHajibHbi) Ha yn;o6HOM fljia flOKa3aTejibCTBa H3biKe MHoronjieHOB, BBe^eivi onpeflejie- 
hh3. HanHHaa c SToro MOMeHTa nycTb p - npocToe (He o6a3aTejibHO Sojibinoe). IIojiojkhm 
G(t) = (t-l)(t-2)...(t-p+l). 

4.1. J\ji%. uejibix t, G(t) flejiHTca Ha p Tor/ia h TOJibKO Tor^a, Kor/ia t He /rejiHTca Ha p. 

Ka>K^oro BeKTopa a £ A onpe^ejiHM MHoronjieH ot n — 1 nepeMeHHoii x 2 , ■ ■ ■ , x n 
(popMyjiOH F a (x 2 , • • • , x n ) = G(a ■ x), r^e x = (1, x 2 , . . . , x n ). PacKpoeM ckoSkh b npoH3- 
BefleHHH G(a-x) h b KajK^OM H3 nojiyneHHbix o/THOHJieHOB 6yn;eM 3aivieHHTb xj Ha 1, noKa 

3TO B03MOJKHO. IlOJiyHeHHblH MHOTOHJieH o6o3HaHHM F a (x 2 j • • • , %n) ■ Oh 6yn;eT c6o6odeH 

om Keadpamoe, T.e. 6yn;eT cyMMofi o/THOHJieHOB x^ Xj s , rjj;e ii,...,i s - pa3JiHHHbie hhc- 

jia ot 2 flo n. Ero CTeneHb He SyijeT npeBocxo^HTb p — 1 (cmeneHbto o^HonjieHa x^ 1 . . . x b s s 
Ha3biBaeTCfl hhcjio b\ + • • • + b s ; cmenenbto MHoroajieHa, flBjiinomeroca HenycTOH cyMMOH 
pa3JiHHHbix o^HOHJieHOB c HHCJiOBbiMH KOScpcpHHHSHTaMH, Ha3biBaeTCH MaKCHMyM CTneHeii 

OflHOHJieHOB H3 3TOH CyMMbl). IlyCTb A' - MHOJKeCTBO CBoSoflHblX OT KBaflpaTOB MHOrO- 

HJieHOB CTeneHH He Sojiee p — 1. OcHOBHaa JieMMa cjie^yeT H3 HH>KecjieflyiOHi;Hx JieMMbi 
h 3a^aH 4.2 h 4.5. 

JieMMa. IJycmb p - npocmoe, n = Ap, A C M u HUKatzue dea eeKmopa U3 A ne op- 
mozonajibHU. Tozda cejueucmeo MnozoHJienoe {F a (x2, ■ ■ ■ ,x n )} a( zA JiuneuHO ne3aeucuM0. 

MHoroHJieH F Ha3biaeTCH JiuneuHO eupacncawmuMCM nepe3 MHoronjieHbi Fi, . . . , F s , ec- 
jih cymecTByKxr pan;HOHajibHbie nncjia Ai, . . . , X s , TaKHe hto F — \ 1 Fi + - ■ -+X S F S . Hanpn- 
Mep, MHoroHJieH x 2 JiHHeHHO BbipajKaeTca nepe3 MHoronjieHbi 2x±, 1 h x\ +x 2 . CeMeiicTBO 
MHoroHjieHOB Ha3biBaeTCH Auneuno ne3aeucuMUM, ecjin hh o^hh h3 hhx He BbipaxcaeT- 
ca jiHHeiiHO aepe3 ocTajibHbie. HanpnMep, ceMencTBO H3 n MHoronjieHOB 1, x 2 , X3, . . . , x n 

HBJIHeTCH JiHHeHHO He3aBHCHMbIM. 

4.2. a) CeMencTBO MHoronjieHOB x^ Xi s , r^e s = 0, . . . ,p—l h ii, . . . ,i s - pa3JiHHHbie 

HHCJia ot 2 flo n, aBjiaeTca JiHHeiiHO He3aBHCHMbiM. 

b) JIioSoh MHoroHJieH H3 A' JiHHeHHO BbipajKaeTca nepe3 MHoronjieHbi CHCTeMbi, yKa- 
3aHHoii b a) (TaKHe jiHHeimo He3aBHCHMbie CHCTeMbi Ha3biBaiOTCH 6a3ucaMu MHOJKecTBa 
A'). 
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c) B cncTeivie 113 a) pobho a(n) MHoroujieHOB. 

floKaaamejibcmeo JleMMU 1. IlycTb, HanpoTHB, cymecTByioT paiiHOHajibHbie uncjia 
Ai, . . . , X s , TaKiie uto 

(* * **) F a = AiF 0l + • • • + X s F as 

fljia HeKOTopbix a, a±, . . . , a s G A. Pa36epeM CHauajia cjiyuaii uejibix Ai, . . . , X s . IloflCTaBHM 
b paBeHCTBO (* * **) 3HaneHHa x 2 = a 2 , . . . ,x n = a n . H3 a - a = n = 4p h 3ajjauH 
4.1 BbiTeKaeT, hto jieBaa aacTb paBeHCTBa (* * **) He /rejiHTca Ha p. H3 3ajjauH 4.1 h 
HHJKecjieflyiomeH 3a,naHH 4.3 BbiTeKaeT, hto npaBaa aacTb paBeHCTBa (****) ^ejiHTca Ha 
p. riojiyneHHoe npoTHBopeune ,a,OKa3biBaeT jieMMy. 

4.3. Ecjih a, b G M pa3JiHHHbi h He opToroHajibHbi, to a- b He /rejiHTca Ha p (yKasamie: 
b npoTHBHOM cjiyuae a ■ b G {±p, ±2p, ±3p}, uto HeB03Moa<HO no 3a,i],aue 2.3) 

4.4. ripHBe^HTe aHajiornuHO k npoTHBopeunio oShthh cjiyuaii, Kor,na Ai, . . . , X s paniio- 
HajibHbi (yKa3aHne: ^OMHO>KbTe paBeHCTBO (****) Ha oSiniiii 3HaMeHaTejib h Hcnojib3yiiTe 
MeTOfl cnycKa). 

4.5. Ecjih Fy, . . . , F^ - jiHHeimo He3aBHCHMaa cncTeivia b A 1 , a Q±, . . . , Q s 6a3nc b A' , 
to k < s. (yKa3aHne: CHauajia flOKajKHTe, hto cncTeiviy Fy, . . . , F^ mojkho flonojiHHTb /to 
6a3Hca. IlosTOMy mojkho c caMoro Hauajia cuHTaTb, uto Fi,...,Fk - 6a3nc. IlocKOJibKy 
Fi jiHHeimo Bbipa>KaeTca uepe3 Qi, ■ ■ ■ ,Q S , TaK to He Bee K03(p(pHiiH3HTbi HyjieBbie, to b 
cncTeivie Fi,...,Fk mojkho 3aivieHHTb Fy Ha ojihh h3 Qi, TaK hto nojiyueHHaa cncTeivia TOJKe 
6yjj;eT 6a3HCOM. EloBTopaa TaKne 3aivieHbi HecKOJibKO pa3, mm nojiyuHM 6a3nc Q^, . . . , Qi k . 

3HaHHT, k < s). 

Bjiaro^apHOCTH. 

51 xouy noSjiaro^apHTb H. II. ,Hpji6HjiHHa h A. M. Panropo^CKoro, ot kotopmx a 
y3Haji KOHTpnpHMepbi k rnnoTe3e BopcyKa, yueHHKOB (pH3.-MaT. hikojim hm. A. H. Koji- 
MoropoBa h hikojim N57 r. Mockbm, KOTopbie y3Hajin sth KOHTpnpHMepbi ot MeHa, a 
TaKJKe B. H. ,ZIy6poBCKoro 3a nojie3Hbie oScyjKJieHHa HacToameii 3aivieTKH. 
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